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Research Objectives as Originally Proposed: 
To characterize the magnetosphere-ionosphere system more accurately in terms of state 

variables, such as polar cap flux and magnetotail stretching.  These state variables can be computed 
from DMSP particle precipitation data.  In addition to developing and validating these state 
variables, which improve the art of "nowcasting" the magnetosphere,  an additional goal is to 
develop short term (~1 hour) forecasting ability, especially as regards to monitoring the auroral 
oval. 



Summary: 
Auroral particles have been studied for years using DMSP satellites. The goal of this project was 

to apply past research to develop practical tools for monitoring the real-time position of the 
auroral oval (nowcasting), and more generally, monitoring the general state of space weather from 
DMSP particle data. The effort was successful. A real-time auroral oval monitor (OVATION) was 
developed, and transitioned to AF space weather operations.  The OVATION effort nowcasts the 
current auroral oval position and intensity, along with the general state of excitation of the near- 
Earth space conditions ("space weather"). 

The tools developed in creating OVATION in turn provided new opportunities for basic research. 
One important finding which resulted is that a seasonal variation in space weather intensity exists, 

which depends primarily on whether the nightside auroral oval of either the northern or southern ' 
hemisphere is sunlit. 

(1)   Research Results 

The most extensive discussion of our research results is naturally to be found in the papers 
published in scientific journals 
over the last year (see the list below). The most important research findings in terms of 
understanding space weather (the 
main goal of this AFOSR grant) are as follows. 

A. Seasonal and Diurnal Variations in Space Weather 
It has been known for more than a century that auroral activity is most common around 

equinoxes. More generally, 
geomagnetic activity as represented by commonly used indices shows seasonal and diurnal 
variations. An understanding 
of these variations is clearly a pressing need for space weather forecasting and nowcasting 

In a paper published in JGR [Newell et al, 2002], we presented several findings which improve 
understanding of the seasonal and diurnal variation. 
The total ionospheric conductivity in the nightside auroral oval from UV insolation (Zp) was 
calculated, and its seasonal and 
diurnal variation was shown to correlate very highly with that of the Am and AL indices of 
geomagnetic activity (r=0.89 and 
r=0.75 respectively).  The level of geomagnetic activity is well-ordered by whether the nightside 
auroral oval is sunlit in 
one hemisphere or neither. 

We improved calculations of the expected pattern of seasonal and diurnal 
variations in the solar wind input.  The elliptical nature of the Earth's orbit results 
in observed interplanetary magnetic field (IMF) strengths about 7% larger in 
January than June.  When the sun's spin axis tilt to the ecliptic plane is 
considered, the predicted IMF southward component (Bs) maximizes in February, 
as is observed. We also calculate the seasonal and diurnal variation of a more 
general solar wind-magnetosphere coupling function, EKL. E^L proves to have very 
little (0.5%) diurnal variation, and has a seasonal variation of about 14%. 

For the first time, the seasonal and diurnal variation in Opc, the polar cap flux 
(from Polar UVI observations, cross-calibrated to a DMSP-based standard) and in 
magnetotail stretching (the b2i index) are presented.  Magnetotail stretching 
proves to correlate better (r=-0.57) with EKL than with Ep. Opc correlates better 
with Xp, but the correlation (r=0.49) is not nearly so strong as for the indices of 
geomagnetic activity. Am and AL. Our survey of the seasonal and diurnal 
variation of the magnetosphere thus shows that some aspects (geomagnetic 
indices) correlate best with UV insolation, while others (magnetotail stretching) 
correlate best with solar wind input. 



B.  Source of Plasma in the Magnetotail 
Plasma in the magnetosphere ultimately is supplied by either the ionosphere or the solar wind. 

However it often been 
difficult to pin down the relative contributions, and especially, the supply route, i.e., the proximate 
source of solar wind 
plasma entering the magnetotail. Observations funded by this AFOSR Grant have provided a 
powerfiil clue about the source 
of the magnetotail plasma.  DMSP observations mapped to the magnetotail show a cold, dense 
plasma inside the magnetotail, 
along the flanks (adjacent to the Low-Latitude Boundary Layer).  The cold dense region is more 
evident for northward IMF, 
when the LLBL is thicker, than for southward IMF.  These observations clearly point to the LLBL 
as a major source for 
the plasma sheet.  (That is, solar wind plasma enters into the magnetotail via the LLBL).  Papers 
describing these findings 
have been published in J. Geophys. Res. and Geophys. Res. Lett, (see Wing and Newell papers for 
2001 and 2002 in reference list). 

(2)   Practical (Operational) Results 
A.   Monitor of the Auroral Oval (OVATION) 

A major goal of this grant was to develop, and make practical the real-time monitoring the 
auroral oval position, intensity, and 
variations.  Since no one data source can provide such global, continuous, and real-time coverage, 
our approach is to use the 
DMSP data base as a standard, and to cross-calibrate other data sources to the DMSP standard. The 
auroral project is 
named OVATION, for (auroral) Oval Variation, Assessement, Intensity, and Online Nowcasting. 
An early version of the 
project, using DMSP data only, and concerned only with the oval boundaries, was delivered to the 
AF Space Weather operations 
in Colorado Springs (Kevin Scro). In 2001, we cross-calibrated the DMSP to several additional data 
sets, notably a 
Meridian scanning photometer (MSP) in Fairbanks, Alaska, the NASA Polar UVI data, and the 
SuperDARN radars.  In 2003, the AF space weather effort in Oklahoma is attempting another 
transition of OVATION (an effort with which we cooperate on a no-cost basis), although the real- 
time system continues to operate at APL.  The fiilly operational system can be seen here: 

http://sd-www.jhuapl.edu/Aurora/ovation_live/north_display.html 

Our development effort has been helped by several synergies. Notably, future DMSP satellites will 
include a UV imager 
built at APL. This has helped in our efforts to obtain DMSP data real-time (from AF Space 
Weather operations).  Likewise, 
some of the cross-calibration effort involving other instruments has been fiinded by the UPOS 
effort.  However the largest 
single contribution to the OVATION project, by far, has come from this AFOSR grant. 

We regard the creation of an ongoing real-time auroral oval monitor as a significant benefit to 
AF space weather operations, as well as to the general scientific community. 
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